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For the preliminary heat-resistance
tests, an 8-in.-diameter brass pan 2 in.
deep was divided into equal segments by
placing a vertical barrier across the
diameter. Its top edge was flush with
the rim, but the bottom edge was ter-
minated 1/8 in. above the pan bottom.
Motor grade gasoline, 500 ml, was used
for fuel in each test run, leaving a free-
board of 1-1/2 in. For each test, one
segment was filled evenly with foam
(Fig. 3) and the other side ignited. A
fixed volume of foam was thus exposed
to a constant heat source. The time at
which the foam had completely disap-
peared and the gasoline burned {reely in
both segments was taken to be the burn-
back time.

The candidate surfactant solutions
were foamed in an ordinary Kkitchen
mixer with the egg-beater blades. By
varying the amounts of solutions in the
mixer bowl, mixing speed, and mixing time, foams possessing various characteristics of
expansion and drainage time were made. Following the mixing period, the foam was
transferred with a spatula into one side of the fire pan. Temperatures of the solution and
and fuel were 70 F before ignition.

Tests were made both with and without potassium bicarbonate dry chemical (Purple-
K-Powder or P-K-P). When P-K-P was used, 30 grams were mixed into the fuel before
foam application, and 7 grams were sprinkled over the foam surface before ignition in
order to increase the severity of dry chemical exposure.

Figures 4a through 4e illustrate a typical surfactant foam-degradation and burnback
sequence during the small-scale divided-pan fire test. Table 1 summarizes the results
of the fire tests on the available materials

Six of the compounds were immediately disqualified because of their lack of foaming
ability. Of the remaining five, the L-1083 and L-1162 showed the best burnback resist-
ance. However, the L-1162 was somewhat vulnerable to P-K-P attack, as shown by the
reduction in burnback time during its use. The L-1083 foamed easily and appeared to be
completely compatible but showed less burnback resistance. A blend of these two picked
up the best characteristics of both and showed the most promise for additional testing.
The 6-percent protein foam exhibited good flame resistance because of its low expansion
and high drainage time, but demonstrated poor compatibility with P-K-P

In the earlier nonfluorocarbon synthetic surfactant work it was found that certain
water-soluble materials imparted some desirable characteristics of greater viscosity to
the solution in the bubble wall. One of these, a high-molecular-weight polymer of ethyl-
ene oxide, was found to be fully soluble and compatible with L-1083 and L-1162 solutions.
Viscosity data are shown in Fig. 5 for the increased polymer concentrations at different
temperatures. The increased solution viscosity was expected to decrease the drainage
rates ol its foam and thereby increase its burnback resistance.

A series of fire tests with the 8-in.-diameter pan was directed toward establishing
the relationship of L-1083 concentration with variations in ethylene oxide polymer con-
work done using an expansion 8 foam (solution application

centrations. T
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Fig. o6 - Portable surfactant foam-
ing equipment for intermediate -
scale fire tests

A commercially available foam-spray nozzle was used as the applicator. This nozzle
was constructed in the form of a head with internally impinging liquid jets fronted with a
hemispherically shaped screen. The resultant output was a cone-shaped spray discharge
pattern of small foamed globules. At a nozzle pressure of 100 psi, the solution flow
through this nozzle was 47 gpm. Because of its design this nozzle could serve as a pri-
mary foam generator by introducing air through turbulence into the solution. If the candi-
date solution lacked sufficient ability to form a stable foam through this mechanism, R-12
gas was used as previously described, and the nozzle then served as a distributor tip.
Generated foams were analyzed for expansion and drainage-time characteristics by the
normal procedures.

A circular fire area 14 ft in diameter (154 ft*) was chosen to permit application den-
sities up to 0.06 gal/ft*> with the available 10 gal of solution in the tank. This allowed up
to twice the amount of solution used in the small-scale tests. The round area provided
better flexibility in fire-fighting attack and wind orientation. The application rate was 0.3
gpm/ft2, and the supply of solution permitted a continuous application time of about 13
sec. The area was laid out on a concrete slab with wet clay sloping dikes and was
entirely wetted before adding the 35 gal of fresh motor grade gasoline used for each test.
Immediately after fueling, a 20-1b P-K-P extinguisher was discharged over the fuel for
a period of 5 sec (8 1b). This represented the normal amount of powder which would be
applied to extinguish the fire. The fluorocarbon surfactant solution was then applied uni-
formly in the form of foam over the fuel surface, and then a second 8 1b of P-K-P was
discharged over the test foam material. After a one-minute time lapse, a torch was
used to detect the occurrence of flammable vapor transmission, and an attempt was
made to ignite the fuel. Elapsed time between ignition to full involvement of the fuel
area was recorded as burnback time.

The first series of vapor-sealing tests consisted of utilization of a foam formed with
air using the distribution nozzle as a foam generator. The solution used consisted of a
0.5-percent solution of L-1083 at 100 psi at the nozzle. The applied foam showed an
expansion of 5 with a drainage time of three minutes. Ambient temperatures varied
from 40 to 50 F during the tests. Following the application of the foam at area densi-
ties of 0.06 gal/ft? to the fuel, combined with Purple-K-Powder discharge as given
above, a complete surface coverage was obtained. For a period of ten minutes after
application the surface was agitated severely with the torch before ignition could be
started. Total involvement of the fuel area occurred only after an additional four min-
utes flame exposure. At this relatively high density of application, an excellent vapor-
proof barrier was formed, and resealing was quickly achieved following any openings
made in the protected surface.

A second series of tests utilized a similar testing regime with the same air foam as
the vapor sealant on the fuel surface. A 0.5-percent L-1083 solution was used, but the
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Fig. 8 - Application of surfactant foam to fuel surface

touched to the bubbles; a flame front could be seen to travel across the surface of the
container, being fed by the vapors from the bubbles as they collapsed from the approach-
ing heat. Once the bubbles had burned off there was no continued burning, even though
the gasoline surface appeared to be completely exposed. Furthermore, it could not be
ignited by passing the torch over the fuel surface. On further standing a new secondary
vapor-securing foam covering would form, which could again be flashed off without ignit-
ing the gasoli .e beneath (Fig. 11). This process could be repeated for many cycles
before film effectiveness was finally destroyed. The film was very vulnerable to
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Fig. 9 - Typical initial spread and ''level -off"
of foam on fuel surface

Fig. 10 - Flame test of surfactant foam, film, and
vapor-filled foam-covered fuel surface

mechanical disruption when foam in depth was not present éurrounding the break to
afford some hydraulic head to supply the necessary force toward closing.

Figure 12 compares the spreading rate and ability to secure gasoline vapors for
three materials when applied as surface foams to gasoline fuel substrates at identical
solution application densities, 0.0040 gal/ft2. The protein foam spread to a circular
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Fig. 11 - Flame-resistance test of aged ''second-generation"
foam-covered fuel surface

pattern approximately 7 in. in diameter (40 in.2) and stopped with no further activity
observed. Fuel beneath the pattern was well secured from ignition, but the fuel area out-
side was completely unprotected. The synthetic surfactant foam, being more fluid, flowed
out toa larger circle, 11 in. in diameter (95 in.2), in less time but then stopped. Two charac-
teristic types of foams were used with the fluorocarbon composition, one an expansion 4
to compare with the ordinary foaming materials, and the other an expansion 8 foam to
illustrate the retarded spreading resulting from a more stable foam. Both of these lat-
ter foams demonstrated their ability to generate a film of great surface activity by cre-
ating a surfactant area four times their original area within a few minutes time.

The data shown in Fig. 12, and data from a number of semiquantitative tests per-
formed, showed that the measurement of the limiting area of fuel secured with a vapor-
proof film of perfluorocarbon surfactant solution involved also a function of time. The
spreading velocity of the film varied with its application density. From an academic
viewpoint, the application of very small quantities of solution per square foot merely
meant that longer periods of time were required to seal completely the open-tray fuel
surface used in the tests. For instance, a quantity of foam containing a solution which
would yield an application density of only 0.00009 gal/ft? completely vapor-secured the
23-in.-diameter tray, but it required the excessively long time of 960 min.

Since the spreading rate (or the spreading velocity) of vapor-securing agents on a
fuel is important from a fire-fighting standpoint, this factor was studied as a function of
application density of foamed surfactant solutions, and the curve of Fig. 13 was obtained.
The minimum elapsed time after foam application at which no point within the limiting
area of the tray (443 in.2) could be ignited by an open flame was taken as the observed
endpoint. The curve is drawn through these minimum values, representing a ''go" or
'no go'' ignition situation.

At the highest application density shown, 0.0214 gal/ft2? at a fuel temperature of
70°F, the applied foam volume was sufficiently high to cover the entire pan surface
within ten seconds, and no additional film spreading was necessary. All the region above
the curve and to the right represents the ''secured-vapor' condition; i.e., the surface
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Large-Scale Combined-Agent Fire Testing

The problem of selecting a suitable large-scale test-fire size and equipment ade-
quate for dealing with it is subject to many solutions. In the case of this research it was
decided that for dual-agent experimentation the nominal 150-1b-capacity dry chemical
unit (normally charged with 125 1b P-K-P) would be of the correct capacity for the max-
imum size fire which could be handled in a test program within the scope of test facili-
ties available at NRL. Approvai laboratories' test evaluations of the capacity of this
size unit have shown that it can successfully cope with a 400 ft2 gasoline pool fire of a
square configuration, without obstacles in the fire area.

A dual-agent unit was constructed around the 150-1b wheeled unit, so that it was
completely self-contained. Figure 15 illustrates the finished equipment.

Fig. 15 - Experimental dual-agent extinguishing unit
with dual hose.

One wheel from the 150-1b dry chemical extinguisher and one wheel from an identi-
cal second 150-1b dry chemical extinguisher were removed to allow a side-by-side axle
mounting of the two cylindrical containers. The only changes made in the shell to
accommodate the vapor-securing-agent surfactant solution were the removal of the gas
pressurization tube, addition of a bottom drain, and addition of a 1/2-in. top pressuriza-
tion tap. Exterior mounting brackets were installed to hold the refrigerant type R-12
liquified gas and the compressed air for pressurizing the vapor-securing-agent portion
of the system. The dry chemical container retained its own pressurization system, using
the original 110-cu-ft nitrogen cylinder and was operated in the normal manner.
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The nozzle chosen to form and distribute the foamed securing agent was a commer-
cially available device used on an aspirating "fog-foam' producer. Its liquid-flow
capacity was rated at 47 gpm at 100 psi. Thus, the discharge rates of agents were 6.5
Ib/sec of securing-agent solution and about 3 1b/sec of dry chemical, or a ratio of 2.2 to
1.0 on a weight basis.

A double rubber hose, known as ""Twin LP Gas'' hose, was found to be available
commercially in a 3/4-1 in. combination with a 400-psi working pressure rating. The
3/4-in.-diameter section was used for dry chemical and the 1-in. section for securing-
agent solution. Friction losses of 50-ft-long discharge hose were well within the avail-
able pressure heads. At the outer end, the hoses were separated for a short distance to
permit separation of the discharge for ease of control and to allow the operator to stand
in the center of the nozzle holder. Figure 17 shows the mounting and method of nozzle

operation. The use of two nozzles for agent
application, each of which must be capable of
independent and intermittent operation,
| required adapting of various available pistol-
grip controls with trigger valves, since noth-
ing fully meeting requirements was commer-
cially available.

Duration of discharge of the dry chemical
with this unit is approximately 40 sec, and the
surfactant foaming solution 20 sec, with con-
tinuous flow. The trigger controls make it
possible to use the agents intermittently as
required, thus prolonging the time of opera-
tion. Maximum effective range of the dry
chemical nozzle is 25 ft and that of the secur-
ing agent is 20 ft. The respective discharge
patterns of the twin-nozzle holder are shown
in Fig. 18a and 18b.

The fire-test area was 20 x 20 ft (400 ft2)
and consisted of a wetted concrete surface
with the fuel restrained by a mud dike approx-
imately two inches in height. Fresh motor
gasoline fuel in the amount of 90 gal used in
each fire formed a layer 0.36 in. deep. An
open top, steel 55-gal drum was placed on its
side in the center of the fuel area to introduce
the added impediment of an obstacle. Figure
19 shows the area layout.

The selection of the dimensions of the
fire area determined that the total amount of
dry chemical available from the dual-agent
unit was 0.31 1b/ft2. With the existing nozzle-
flow rate of approximately 3.0 lb/sec, the
application rate was 0.0075 lb/sec/ft2. Appli-

Fig.17 - Twin-nozzle mount,

howi i s i
;rz:::ia:_nu" wlves e cation of the entire 16.5 gal surfactant foam-

forming solution would provide 0.04 gal/ft2 on
the fuel surface.

The standard test procedure decided upon was to dump the 90 gallons of fuel quickly,
ignite, allow a 15-sec preburn period, and then attack the fire with the dual-nozzle-
equipped handline. Dry chemical alone was applied to initiate a knockdown from the left
side. Within a few seconds, and after fire knockdown had started, the surfactant solution
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a. Vapor-securing surfactant discharge b. Dry chemical discharge
from left-side trigger-valved nozzle from right-side trigger-
valved nozzle

Fig. 18 - Discharge patterns from the twin-nozzle mount

nozzle was opened, and this material was applied to the aiready extinguished fuel surface.
During the next phase the operator worked with both agents flowing, attempting to extin-
guish the fire areas with the dry chemical and then to secure the extinguished areas with
foamed surfactant. The finger-tip nozzle controls allowed some choice of agent to the
fire fighter, subject to his degree of coordination. Presence of the securing-agent vapor-
proof blanket permitted the fire fighter to move around the barrel obstacle with ease and
without the problem of the fire reflashing around behind him. This enabled him to extin-
guish the fire readily, progressively, and consistently.

Dry chemical was normally applied until the flames were completely or almost com-
pletely extinguished. Securing-agent foam was continued after this point, extinguishing
any remaining flames, until the operator judged that a sufficient covering had formed to
preclude reignition. At this time the fuel surface area was probed over its entire sur-
face with a lighted torch to determine the presence of any flammable vapors. The lighted
torch was then used to agitate the fuel in an effort to effect an ignition. This was con-
tinued until ignition took place, and served to evaluate the effectiveness of the securing-
agent film. Ten such tests were conducted with winter and summer grade motor gasoline
and one each with JP-4 and JP-5 aircraft turbine fuels. The series of photographs in
Fig. 27a through 20i illustrates the steps in a typical fire test.
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Fig. 19 - Large-scale (400 ft?) fire-test area
with obstacle in center

Attempts to extinguish this fire with the 125 1b of P-K-P alone were not successful.
The steel drum effectively shielded the dry chemical from cleanly sweeping the fuel sur-
face. When the operator moved his discharge in an attempt to reach this fire, the flames
continued to move around behind him. This "chase' continued until the dry chemical
agent supply was exhausted, at which time the entire area again became involved in
flames (rate applied: 0.0075 lb/ft2/sec, amount applied: 0.31 lb/ft2). The failure of
this relatively dense application was attributed to the presence of the obstacle.

Where the surfactant foam was used on fires with simultaneous application of potas-
sium bicarbonate, the dry chemical application times were from 20 to 28 sec, requiring
about 60 to 85 1b of Purple-K-Powder. The powder application rate was 0.0075 1b/ft 2/
sec, and the amount needed was 0.18 lb/ft2. This gives a guide to the effectiveness of
the perfluorocarbon surfactant securing agent as a back-up aid to dry chemical; a fire
not extinguishable with 0.31 Ib/ft? of P-K-P could be easily extinguished with slightly
more than half that amount when using securing agent in conjunction with the dry chemical.

In all instances, the total amount of 16.5 gal of surfactant solution was used in build-
ing an adequate cover in the estimation of the operator. Thus, the amount applied was
0.04 gal/ft2. At the end of the application time there normally existed some open fuel
surfaces, where the force of the stream held the back area of the square fuel pool from
sealing. The fluid securing-agent foam immediately flowed in after shutting off its
application, and all fuel was visibly covered with a substantial blanket of foamed agent
(Fig. 20e). The surface-tension forces, being very low, permitted the foam film to form
an effective seal around the edges and up to the obstacle.

It was not possible to detect with a lighted torch any spots or sources of flammable
vapor above the fuel area. This technique was not continued for an extended time period,
because it did not seem to be a severe enough type of test. Under undisturbed conditions
it was estimated that the fuel-vapor suppression would remain effective for several
hours. In order to observe the characteristics of the film, the torch was used to sweep
it open. This permitted subdued burning in the bared area, but the film rapidly reformed
and the flames were self-extinguished within a few seconds. The length of time this
process could be successfully repeated was noted. Resistance to sustained burning,
which could be maintained for ten minutes of agitation, was considered excellent.
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a. lgnition stage of 400 ft? large-scale test
fire using gasoline fuel

b. Start of attack, using combined-agent unit
(initial dry chemical discharge)

c. Combined-agent discharge on test fire;
operator proceeds to right

Fig. 20 - Results of combined-agent test
in large-scale fire area
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d. Last stages of fire extinguishment
(note white vapor-securing cover on fuel)

e. Fire extinguished, fuel
vapors secured

f. Lighted-torch proofing of vapor blanket

Fig. 20 - Results of combined-agent test
in large-scale fire area (continued)





















































